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Description 

Potentiometer Providing a High 

Resolution 

Background of Invention 

[0001] Field 0 f the Invention 

[0002] The present invention generally relates to measurements 
systems, and more specifically to a potentiometer provid- 
ing high resolution. 

[0003] Related Art 

[0004] Potentiometer generally refers to a device/component 

which provides variable resistance. In a typical scenario, a 
user specifies a desired resistance, and the potentiometer 
provides the specified resistance. Examples of situations 
in which potentiometers are used include radio tuning, 
television brightness control, regulator of a fan, etc. 

[0005] Potentiometers are often characterized by resolution. Res- 
olution refers to the minimal change in resistance that can 
be offered by (or attained by using) a potentiometer. For 



example, a resolution of 0.1 ohm implies that a change of 
0.1 Ohm can be reliably attained from a previous resis- 
tance value. In other words, it may not be possible to reli- 
ably attain a resistance change of less than 0.1 Ohm. It is 
often desirable that potentiometers provide high resolu- 
tion, i.e., ability to change resistance by a small value. 
[0006] An analog potentiometer is often employed to provide 

such high resolution. A typical analog potentiometer con- 
tains a resistor which can be tapped at different points to 
attain a corresponding resistance. As the tap points can 
potentially be contiguous (or with extremely small dis- 
tance in between), a correspondingly high resolution can 
be attained. 

[0007] However, one problem with analog potentiometers is that 
tapping at different points generally requires use of me- 
chanical components. Non-manual approaches to attain- 
ing precise movement (and thus the desired precise reso- 
lution) often presents technical challenges, thereby mak- 
ing it generally undesirable for use in electronic/electrical 
systems, as is well known in the relevant arts. 

[0008] Digital potentiometers overcome some of such disadvan- 
tages. Digital potentiometers often contain digital switch- 
ing elements (e.g., transistors) which are operated to con- 



nect only some of the available resistors to provide a de- 
sired resistance value. As an illustration, one prior digital 
potentiometer contains discrete resistors providing equal 
resistance connected in series, and a digital circuit in- 
cludes a number of resistors corresponding to a specified 
resistance between output terminals. For example, a digi- 
tal potentiometer may contain 10 resistors each providing 
100 ohms resistance, and 4 of the resistors may be con- 
nected between output terminal assuming that the speci- 
fied resistance equals 400 ohms. 
[0009] Digital potentiometers are suitable for integration into 

electrical/electronic environments since the switching ele- 
ments can be implemented at least substantially using 
only electronic/electrical technologies. However, one 
problem with digital potentiometers is that the available 
resolution is often low (compared to analog potentiome- 
ters). In the illustrative example of above, the digital po- 
tentiometer provides a resolution of 100 ohms. At least in 
some environments it may be desirable to provide poten- 
tiometers which provide the advantages of digital poten- 
tiometers, and yet offer higher resolutions. 
Summary of Invention 

[0010] An aspect of the present invention provides a high resolu- 



tion potentiometer by connecting multiple digital poten- 
tiometers connected in parallel. In an embodiment, the 
digital potentiometers are operable to provide different 
resistance values, which generally leads to a high resolu- 
tion. 

[0011] a control block may determine the resistance values (to 
which each of the digital potentiometers is to be set) for 
attaining a desired effective resistance, and configures the 
digital potentiometers accordingly. In an embodiment, the 
resistance values are determined such that the effective 
resistance provided by said high resolution potentiometer 
at least substantially equals the desired effective resis- 
tance. 

[0012] D ue to the approach(es) of above, different resolution may 
be obtained in different effective resistance value ranges. 
To obtain a desired resolution in a desired effective resis- 
tance values range, a resistor may be connected in series 
with the digital potentiometers connected in parallel. The 
digital potentiometers and the resistor may be imple- 
mented in the form of a single integrated circuit. 

[0013] Further features and advantages of the invention, as well 
as the structure and operation of various embodiments of 
the invention, are described in detail below with reference 



to the accompanying drawings. In the drawings, like ref- 
erence numbers generally indicate identical, functionally 
similar, and/or structurally similar elements. The drawing 
in which an element first appears is indicated by the left- 
most digit(s) in the corresponding reference number. 
Brief Description of Drawings 

[0014] The present invention will be described with reference to 
the accompanying drawings which are described briefly 
below. 

[0015] Figure (Fig.) 1 is a block diagram illustrating an example 
system in which various aspects of the present invention 
can be implemented. 

[0016] Figure 2 is a circuit diagram illustrating logically the ef- 
fective resistance offered by two digital potentiometers 
connected in parallel, according to an aspect of the 
present invention. 

[0017] Figure 3 is a graph of various effective resistance values 
on X-axis and resolution on Y-axis illustrating the vari- 
able resolution according to an aspect of the present in- 
vention. 

[0018] Figure 4 is a flow chart illustrating the manner in which 
the resistance values of digital potentiometers can be de- 
termined to achieve a desired effective resistance in an 



embodiment of the present invention. 

[0019] Figure 5 is a block diagram illustrating the manner in 

which high resolution can be attained in any desired range 

of effective resistance values according to an aspect of the 

present invention. 
Detailed Description 

[0020] i m Overview 

[0021] An aspect of the present invention provides a potentiome- 
ter ("high resolution potentiometer") with a high resolu- 
tion by connecting multiple digital potentiometers in par- 
allel. Due to the use of potentiometers in parallel, a high 
resolution is attained. By using digital potentiometers, the 
high resolution potentiometer can be implemented in the 
form of an integrated circuit, as well as potentially be eas- 
ily integrated into electrical/electronic systems. 

[0022] According to another aspect of the present invention, 

each of the digital potentiometers is controlled indepen- 
dently such that the resistance value offered by the indi- 
vidual digital potentiometers is potentially unequal. Due 
to the parallel connection and the independent control, 
the high resolution potentiometer provides a non-uniform 
resolution in different ranges of effective resistance val- 



ues. 

[0023] | n one embodiment, a resistor is provided in series with 
the parallel combination of digital potentiometers to en- 
sure that a desired (high) resolution is in the range of de- 
sired effective resistance values attained by the high reso- 
lution potentiometer. Such a feature may be appreciated 
by understanding that the resolution is small in some 
ranges and large in other ranges. Thus, higher resolution 
may be attained in the desired range of effective resis- 
tance values. 

[0024] one more aspect of the present invention provides an ap- 
proach to provide an effective resistance as close as pos- 
sible to a desired resistance by taking into consideration 
the fact that substantially equal effective resistance can be 
attained by multiple combinations of individual resis- 
tances of the two digital potentiometers. 

[0025] Several aspects of the invention are described below with 
reference to examples for illustration. It should be under- 
stood that numerous specific details, relationships, and 
methods are set forth to provide a full understanding of 
the invention. One skilled in the relevant art, however, will 
readily recognize that the invention can be practiced with- 
out one or more of the specific details, or with other 



methods, etc. In other instances, well-known structures or 
operations are not shown in detail to avoid obscuring the 
invention. 

[0026] 2. Example System 

[0027] Figure 1 is a block diagram illustrating the details of an 
example system implemented according to an aspect of 
the present invention. System 100 is shown containing 
digital potentiometers 110 and 120, controller block 130, 
processor 140, memory 150, and resistor usage block 
160. Each component is described below in further detail. 

[0028] Digital potentiometers 110 and 120 are shown connected 
in parallel by connecting terminals 111 and 112 of digital 
potentiometer 110 to terminals 121 and 122 of digital 
potentiometer 120 respectively. The two digital poten- 
tiometers along with controller block 130 operate to pro- 
vide high resolution potentiometer 190 as described be- 
low in further detail. Each digital potentiometer may con- 
tain resistor portions (referred to as "resistor network") 
connected in series as illustrated in further detail with ref- 
erence to Figure 2. 

[0029] Figure 2 thus depicts resistor portions 210-1 through 

210-256 (forming the resistor network for digital poten- 
tiometer 110) and resistor portions 220-1 through 



220-256 (forming the resistor network for digital poten- 
tiometer 120). The two resistor networks are connected in 
parallel, consistent with the representation of Figure 1. 

[0030] The resistance value offered by each digital potentiometer 
depends on the corresponding tap point (or terminal, as 
will be clear from the context) 211/221. For example, as- 
suming that each resistor portion offers a uniform resis- 
tance of 1 unit, to provide a resistance value of 2 units (by 
digital potentiometer 110), tap terminal 211 may be con- 
nected at the junction of resistor portions 2 10-2 and 
210-3. The manner in which digital potentiometer 120 
can be configured to provide a desired step of resistance 
is also described similarly. 

[0031] Continuing with exclusive reference to Figure 1, digital 

potentiometers 110 and 120 are respectively shown con- 
taining logical taps 112 and 122, which respectively de- 
termine the individual resistance offered by the corre- 
sponding digital potentiometer. It should be understood 
that the Figures merely provide logical representation of 
digital potentiometers, and each potentiometer can be 
implemented using one of several products commercially 
available in the market place. 

[0032] Controller block 130 controls the resistance value pro- 



vided by each digital potentiometer 110/120 by control- 
ling logical taps 112/122. In one embodiment, controller 
block 130 receives a desired resistance and controls the 
logical taps to provide the desired resistance. In an alter- 
native embodiment, controller block 130 receives the re- 
sistance value each digital potentiometer is to be config- 
ured to, and the corresponding tap point(s) is controlled 
accordingly. 

[0033] According to an aspect of the present invention, controller 
block 130 controls the two digital potentiometers inde- 
pendently such that different resistance values are pro- 
vided by the two potentiometers at any instance of time. 
Due to such independent control, non-uniform resolution 
is offered at different effective resistance values, as de- 
scribed below in further detail. The interface between 
controller block 130 and the digital potentiometers gen- 
erally depends on the implementation details of the digital 
potentiometers, and the implementation of such interface 
will be apparent to one skilled in the relevant arts. 

[0034] Processor 140 may retrieve various instructions from 

memory 150 (e.g., ROM, RAM) to provide various user ap- 
plications (e.g., brightness control of a television, power 
control in a microwave, simulated resistance of any resis- 



tive sensor, any voltage divider) by appropriate interface 
with high resolution potentiometer 190 and resistor usage 
block 160. Processor 140 may determine the present ef- 
fective resistance desired based on various inputs (e.g., 
position of a knob determining fan speed), and interfaces 
with high resolution potentiometer 190 to provide a de- 
sired resolution. 

[0035] Resistor usage block 160 uses the effective resistance 

provided by high resolution potentiometer 190. Assuming 
that digital potentiometers 110 and 120 are respectively 
configured to provide resistances Rl and R2, the effective 
resistance R is given by the following equation:R = (Rl x 

R2)/(R1 + R2) Equation 

(l)Due to the independent control of the digital poten- 
tiometers, non-uniform resolution may be attained as de- 
scribed below in further detail. 

[0036] 3 Non-Uniform Resolution 

[0037] The effective resistance R for combination of some repre- 
sentative resistance values are shown in Appendix. All the 
combinations are not shown there in the interest of con- 
ciseness. The values there are provided assuming that 
each digital potentiometer contains 256 resistor portions 
(as shown in Figure 2), with each resistor portion having a 



resistance of 4 Ohms (i.e., 1 Unit = 4 Ohms). It should be 
further appreciated that the unit volume in different po- 
tentiometers can be different, though both potentiome- 
ters are described as being identical merely for conve- 
nience. 

[0038] The appendix is shown containing four columns, Rl 
(resistance to which digital potentiometer 110 is set/ 
programmed), R2 (resistance to which digital potentiome- 
ter 120 is programmed), R (effective resistance offered), 
and resolution value. For simplicity, resolution value here 
is computed as a difference of effective resistance R for 
the present row less the corresponding value for the pre- 
vious row. For example, the resolution value for the com- 
bination of Rl=4 and R2 = 36 is shown as 0.04444, which 
equals (3.6 3.55556). 

[0039] it may thus be appreciated that a non-uniform resolution 
(value) is presented at different effective resistance values. 
It may be further observed that the resolution (value) is 
lower in some ranges and higher in other ranges as may 
be observed from Figure 3 below. 

[0040] Figure 3 contains a graph with the effective resistance 

value R on the X-axis, and resolution values on Y-axis. As 
may be observed, the resolution is low (or resolution val- 



ues high) towards the lower (0) and higher ends (512) of 
the effective resistance values, and is high in the middle. 

[0041] prom the description above, it may be appreciated that 

digital potentiometers can be controlled independently to 
achieve variable resolution. In addition, substantially equal 
effective resistance values can be attained using different 
combination of resistance values for Rl and R2 (with po- 
tentially different associated resolutions). Accordingly, it 
may be necessary to provide an approach (implemented 
either in processor 140 or controller block 130) to deter- 
mine the resistance values Rl and R2 to attain a desired 
effective resistance R. 

[0042] 4 Determining Rl and R2 for a Desired Effective Resistance Value 
R 

[0043] | n one embodiment, the effective resistance R corre- 
sponding to all combinations of resistor values of Rl and 
R2 is computed, and the resulting table is stored in RAM 
350. The table may be searched/examined (using a soft- 
ware implementation) to determine the values of Rl and 
R2 corresponding to a desired value of R. For a large 
number of combinations of Rl and R2, the table size may 
be unacceptably big, and a different approach may be 
used, as described below with reference to Figure 4. 



[0044] Figure 4 is a flow chart illustrating the manner in which 
the values of Rl and R2 may be determined for a desired 
value of effective resistance R. The flow chart is described 
with reference to the embodiments of Figure 1 merely for 
illustration. However, the flow chart can be implemented 
in other environments as well. The flow chart begins in 
step 401, in which control passes to step 410. 

[0045] | n s tep 410, the desired effective resistance value R is re- 
ceived. The value may be determined by resistor usage 
block 160 and sent to processor 140. In step 420, a value 
(Rtempl) which is greater than or equal to effective resis- 
tance value R is selected. In step 430, a value Rtemp2 is 
computed according to Equation (1) noted above, but with 
Rtempl and Rtemp2 respectively being substituted for Rl 
and R2. 

[0046] | n s tep 440, two values (Rtemp3 and Rtemp4) are se- 
lected, with Rtemp3 representing a resistance value that is 
provided by digital potentiometer 110 and is lesser than 
or equal to Rtemp2, and Rtemp4 representing a resistance 
value that is provided by digital potentiometer 120 and is 
greater than Rtemp2. 

[0047] in step 450, the effective resistance is computed for com- 
binations of {Rtempl, Rtemp3} and {Rtempl, Rtemp4} 



again using Equation (1) noted above. In step 460, a de- 
termination is made as to whether any of the computed 
values is within an acceptable range from the desired ef- 
fective resistance value (received in step 410). Control 
passes to step 480 if either computed value satisfies such 
a criteria, and otherwise to step 470. 

[0048] | n s tep 470, a new value is selected for Rtempl. The new 
value may equal the next higher resistance value offered 
by digital potentiometer 110. Control then passes to step 
430. In step 480, the combination of resistor values which 
caused a match in step 460 are passed as resistance val- 
ues Rl and R2 (for programming the potentiometers 110 
and 120). The flow-chart then ends in step 499. 

[0049] From the above, it may be appreciated that suitable values 
of Rl and R2 may be determined to cause potentiometer 
190 to provide a desired effective resistance R (with a high 
resolution). However, as noted above, the resolution is low 
in some ranges of R and high in other ranges. It may be 
desirable to have high resolution in a desired range of ef- 
fective resistance Rvalues. The manner in which such a 
feature can be achieved is described below with reference 
to Figure 5. 

[0050] 5 High Resolution in Desired Range 



[0051] Figure 5 is a block diagram illustrating the manner in 
which the embodiment of Figure 2 can be extended to 
provide high resolution (or low resolution values) in a de- 
sired range. Only the differences of Figure 5 from Figure 2 
are described below in the interest of conciseness. 

[0052] Figure 5 is shown containing resistor 510 (which may 

again be formed by another digital potentiometer) in se- 
ries with the parallel combination of digital potentiome- 
ters 110 and 120. The resistance value of resistor 510 can 
be chosen to ensure that the high resolution is attained in 
a desired range of resistance values. In addition, resistor 
510 may be chosen to be a variable resistor such that the 
desired range can be adjusted depending on the specific 
requirements. Accordingly, controller block 130 may con- 
trol the tap point of resistor 510 (though connection is 
not shown). 

[0053] | n addition, extending the approach of Figure 4 to achieve 
high resolution in a desired range (as described above 
with reference to Figure 5) will be apparent to one skilled 
in the relevant arts by reading the disclosure provided 
herein. Furthermore, though the description above is pro- 
vided with reference to using two digital potentiometers, 
it should be understood that the approaches can be ex- 



tended to use more potentiometers without departing 
from the scope and spirit of various aspects of the present 
invention. 

[0054] 6m Conclusion 

[0055] while various embodiments of the present invention have 
been described above, it should be understood that they 
have been presented byway of example only, and not 
limitation. Thus, the breadth and scope of the present in- 
vention should not be limited by any of the above de- 
scribed exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 
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